Solid waste arisen from construction activities is grave concern in many economies. Given its negative impacts to the natural environment as a public good, construction waste is often heavily regulated by authorities. Hong Kong is no exception to this; over the past decades, a series of construction waste management (CWM) policies including regulations, codes, and implemented. This research provides insightful understanding of CWM policies and their effectiveness, which is often concerned policies makers, researchers, and the like.
Introduction

A policy framework for construction waste management in Hong Kong
Over the past decades, a series of policies have been enacted by the Government. It has formed a CWM policy framework (see Figure 1 ).
<Figure 1>
• P1: Waste Disposal Ordinance
In 1980, the Waste Disposal Ordinance was enacted to provide a comprehensive framework for managing waste from the point of arising to the point of final disposal. The intention was that waste should be disposed of in an environmentally acceptable manner.
• P2: 10-year Plan
In 1989, a comprehensive 10-year plan was launched to reduce construction waste and other pollution problems.
• P3: Green Manager Scheme
In 1994, a Green Manager Scheme was set up by the Government to appoint respective Green Managers in all government branches and departments to oversee green house-keeping matters in their offices, for example, measures to minimize water use and save energy.
•
P4: Waste Disposal Regulations
In 1995, the Waste Disposal (Charges for Disposal of Chemical Waste) Regulation and the Waste Disposal (Charges for Disposal of Waste) Regulation were introduced to require payment of charges for disposal of chemical waste and solid waste at landfills.
• P5: Waste Disposal (Designated Waste Disposal Facility) Regulation
In 1996, the Waste Disposal (Designated Waste Disposal Facility) Regulation was introduced to provide for the maintenance of orderly conduct within sites used for waste disposal activities, measures to counteract the evasion of charges payable in connection with the provision of waste disposal services at such sites, and proof of matters in proceedings before a court in relation to the provision of waste disposal activities at such sites.
P6: Waste Reduction Framework Plan
In 1998, a Waste Reduction Framework Plan was initiated to target municipal solid waste reduction and construction material management. Its objectives include extending the useful life of landfills, minimizing the amount of waste, conserving non-renewable resources, increasing the recycling rate, showing the public the true cost of waste management, and encouraging the maximum efficient in waste management operations and minimization of related cost.
• P7: Landfill Charging Scheme
In 1999, a Landfill Charging Scheme was proposed to be adopted based on two principles, namely Polluter Pays Principle and User Pays Principle.
• P8: "Construct for Excellence" report waste. In JPN2, exemption of site coverage and/or gross floor area (GFA) calculation, subjected to certain criteria, was provided to builders using non-structural prefabricated external walls. The exemption to area occupied by projected windows and slab thickness in non-structural prefabricated external walls is in essence providing extra saleable floor area to developers to hence boost the use of prefabricated external walls.
• P10: Amendment for the Waste Disposal Ordinance
In 2003, Bills Committee was set up under Legislative Council to propose amendment for the Waste Disposal Ordinance in order to provide a statutory basis for the implementation of the construction waste disposal charging scheme, and to strengthen control against illegal waste disposal.
• P11: Recycled materials
In 2003, the Buildings Department issued a practice note for structural engineers entitled "Use of Recycled Aggregates in Concrete." This technical guideline can be applied to prescribed mix concrete (20P) and designed mix concrete (25D to 35D) to adopt 100% and 20% recycled aggregate respectively.
• P12: "Waste Management Plan" and "Pay for Safety and Environment Scheme" • P13: Pilot recycling plant
In 2004, a pilot recycling plant for inert construction waste was set up in Tuen Mun to convert inert wastes into useful materials such as recycled aggregate for road sub-base and drainage bedding layers, as well as for producing asphalt and minor concrete structures.
Recycled aggregate is used in public projects commissioned from 2004-2006.
P14: Trip Ticket System (TTS)
The system was implemented by the Hong Kong government in 1999 and enhanced subsequently in 2004 [27] . It has been anticipated that the number of cases of construction waste being illegally dumped will increase when CWM policies are strengthened. The TTS is introduced to prevent illegal dumping. With the enactment of the TTS, the destinations as well as the transportation route of construction waste generated by a particular construction project can be easily tracked and monitored so that it is difficult for the transporter to dump the waste in an unauthorized area.
• P15: Construction Waste Disposal Charging Scheme
In 2005, a Construction Waste Disposal Charging Scheme launched to encourage reduction, sorting and recycling construction waste by waste producers. Two off-site sorting facilities namely, Tuen Mun construction waste sorting facility and Tseung Kwan O construction waste sorting facility, were also implemented with the waste charging scheme.
• P16: Best practice guide
In 2009, Hong Kong Construction Association issued the Best Practice Guide for
Environmental Protection on Construction Sites to serve as a handy reference to frontline management teams in managing certain critical and environment-prone site issues including construction waste management.
• P17: Updated JPNs 1&2
Buildings Department, Lands Department, and Planning Department updated the JPNs 1&2 in 2011. At the core of the updates is that an overall cap of 10% GFA exemptions for a number of features which still qualify for concession is imposed.
A "roadmap" of construction waste management in Hong Kong
As an overall effect of these policies, a "roadmap" of CWM in Hong Kong can be illustrated in Figure 2 .
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Based on the "reduce, reuse, and recycle (3R)" principle, the options for waste management listed in preferred order of avoidance, minimization, recycling, treatment, and disposal have been devised and assimilated into the construction processes in Hong Kong. Specifically, in order to manage construction waste, before site operations commence, contractors have to prepare a waste management plan as part of the overall environmental management plan, and set out waste reduction targets and programmes. It is also advised that contractors need to set up a good housekeeping practice and a waste management monitoring and audit programme, throughout the whole construction processes.
If the waste is unavoidably generated on construction sites, arranging on-site sorting and
proper waste disposal are advisable to contractors. In Hong Kong, construction waste is often categorized into an inert and non-inert dichotomy, whereby the inert materials, comprising mainly sand, bricks and concrete, are deposited at public filling areas for land reclamation, while the non-inert portion, consisting of materials such as bamboo, plastics, glass, wood, paper, vegetation and other organic materials, is disposed of at landfills as solid waste. The construction waste arisen is usually in the form of a mixture of both inert and non-inert materials. A segregation of the two parts is of paramount importance [28] . Poon et al. found out that contractors were reluctant to carry out on-site waste sorting owing to various difficulties in spite of the perceived advantages to do so [21] . A recent study by Yuan et al.
revealed that CWM regulations have significantly enhanced on-site construction waste sorting in Hong Kong [11] . Site space and project stakeholders' attitudes are still regarded as the most critical factors affecting on-site CWM but labour and cost are no longer of major concerns [11] . As a consequence, the waste materials can be reduced, reused, or recycled to a certain degree.
Contractors must send the residual construction waste to different facilities including landfill sites, construction waste off-site sorting facilities, or public fill reception facilities. Based on the "polluter pays principle", the Hong Kong government implemented a Construction Waste
Disposal Charging Scheme (CWDCS) in 2006. In line with the Scheme, a construction contractor will be imposed a levy of HK$125 for every ton of construction waste it disposes of at landfills; it will be levied HK$100 per ton if the construction waste was accepted by off-site sorting facilities while it will be charged only HK$27 per ton if the waste consists entirely of inert materials accepted by public fill reception facilities. The EPD has set up rigid criteria to accept different mixture of construction waste. For example, the off-site sorting facilities only accept construction waste containing more than 50% by weight of inert materials in order to maximize its service efficiency [29] .
The price discriminations reflect different environmental impacts caused by different forms of construction waste. For the inert construction waste, it can be sent to public fill reception facilities. The facilities includes: (a) public filling areas, which is a designated part of a development project accepting public fill for reclamation; (b) public filling barging points, which is a strategically located public fill reception facility utilizing barge transportation to transfer public fill from road vehicles to marine based public filling areas; (c) public fill stockpiling areas, a newly reclaimed land where public fill is stockpile as surcharging material to accelerate settlement; (d) fill banks, an area allocated for temporary stockpile of public fill for later use; and (e) construction and demolition material recycling facility, which processes hard inert materials into recycled aggregate and granular materials for use in construction activities. The public fill reception facilities are managed by the CEDD. For the mixed construction waste meeting the criteria, contractors can send it to construction waste sorting facilities as this will be charged less than that disposal of at landfill. There are two operating sorting facilities: (1) Tseung Kwan O Area 137, and (2) Tuen Mun Area 38, for sorting the inert part of construction material from mixed waste (see Figure 3 ). The inert part will be sent to public fill reception facilities by the CEDD or its off-site waste sorting contractors while the non-inert part will be dumped at landfills. At present, there are three strategic landfills, namely, West New Territories (WENT) Landfill, South East New Territories (SENT) Landfill, and North East New Territories (NENT) Landfill, are in operation (see Figure 4) . Yuan et al. noticed that the two off-site construction waste sorting facilities are cleverly sited next to the landfills so that the non-inert waste sorted can be conveniently disposed [11] . Landfill is the least preferred and the most expensive option for waste disposal; it causes environmental problems as well as bringing tremendous pressure to the valuable landfill space.
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The influence of a declining construction sector
Is the reduction of construction waste because of the decreasing construction volume? It is understandable that the more construction projects, the more construction waste may be generated in general. We thus proportioned the construction waste to Gross Domestic Product (GDP). As shown in Table 1 , Owing to economic restructuring, the contribution of the construction industry to Hong Kong's GDP dropped from 11% at its peak in the 1980s but is still consistently contributing around 3% to the GDP, which was approximate HK$ 1,748
billion. Figure 6 shows that construction generated around 40 -70 tonne of waste in producing every million dollars' work during the first half of the last decade while this figure was 
The inert and non-inert dichotomy
The inert and non-inert dichotomy has greatly helped achieve this reduction. The inert and non-inert dichotomy as a philosophy implies that the inert materials, by temporarily reserved in the public filling facilities, can be used for the future purposes, e.g. land reclamation, thus theoretically their impact is negligible. Figure 7 illustrates the construction waste disposed of at landfills and the inert materials reused or received at pubic filling facilities. Although the overall construction waste generated has increased during 1991 and 2005, the ratio of construction waste disposed of at landfills has been readily reduced. There is a clear reduction of construction waste in 1995 (see Figure 5) . It also has a significant drop for the ratio of construction waste disposed of at landfills after 1994 (see Figure 7 ). This can be explained from the significant implementation of CWM policies after 1994. In particular, the Green Manager Scheme, Waste Disposal Regulations, and Waste Disposal (Designated Waste Disposal Facility) Regulation were implemented in 1994, 1995, and 1996 respectively. The implementations of CWM policies increase awareness by the construction companies in CWM, including waste sorting and the 3R principle.
The Construction Waste Disposal Charging Scheme (CWDCS)
The above By linking the reduction back to Table 1 and Figure 6 , it can be seen that this is a genuine reduction of overall construction waste, which is worth more in-depth interpretations. With the detail analysis by months of the waste generation to landfills (see Figure 9) , it always has a significant drop in February but return back in March every year. This is believed due to February being normally the month of Chinese Spring Festival, which is considered as a very important festival for Chinese in Hong Kong. Most of the projects will try to finish before February or start in March.
<Figure 9>
In addition to the waste sent to landfills, waste segregated in the construction off-site waste sorting facilities should also be considered. The CWDCS and the implementation of construction waste off-site sorting facilities were both implemented in 2005. Construction waste has been found significantly reduced after the implementation of the CWDCS, as some of the construction waste can be diverted to the facilities. Table 3 and Figure 10 show the summary of intake and disposal quantities of construction waste sorting facilities. It is clear that total waste collected to the construction waste sorting 
Lessons learnt
Generally speaking, the policies of CWM in Hong Kong can be categorized into statutory and non-statutory requirements [31] . Statutory requirements for CWM such as Waste Disposal that the effects of the construction waste disposal charging scheme have been channeled back to construction sites to urge contractors in conducting better waste management such as onsite sorting [11, 32] .
Nevertheless, the CWDCS was not introduced overnight without confrontations. Rather, it has gone through a relatively long period before these regulations are accepted by stakeholders such as clients, contractors, and transporters [33] . One can see from Figure 1 that a landfill charging scheme was proposed to be adopted as early as 1999 based on two that it is difficult to obtain concrete proof of illegal dumping [32] . More about the TTS can be seen in Lu and Yuan [33] . Another example is the JPN 1&2 issued to incentivize the adoption of green features in buildings through GFA exemption. Using prefabrication to reduce construction waste was one of the green features. But in a sense this has been abused so that the JPNs were updated in 2011 to cap the overall GFA exemption. Governments should be allowed enough time to perfect the policy system.
Another lesson learnt is to promote the value of sustainable development (SD) to foster an atmosphere that is conducive to CWM policy implementation. To improve some of the practices and allow more consultations undoubtfully contributed to the successful implementation of the CWDCS in 2006, but a changing socio-economic background toward embracing SD as an underlying contributory factor should not be neglected. During the period, EPD and other government departments have launched various campaigns and schemes to promote SD. As a result, philosophies such as 3R principals, polluters pay principal, and extended producers responsibility principle, have been increasingly accepted by the society. Under such atmosphere, the resistance to CWM policies can be neutralized.
This echoes with our interviews, which reflected that in recent years vocational training has been given to construction workers to educate good practices including on-site waste management.
Challenges ahead
Nevertheless, looking specifically into the period from 2006-2012 after the CWDCS was successfully implemented, CWM maintains a stably low but gloomy situation in Hong Kong.
As can be seen from Table 1 and Figure 5 , the construction sector, contributing only around 3%
of Hong Kong's GDP, however, sends 11 to 15 million ton of waste to the landfills per annum, taking around 25% of the overall municipal solid waste disposal of at landfills. Yuan et al. [11] reported that the CWDCS has been channeled back to construction sites to conduct more effective waste management while Yu et al. [32] further reported that no much CWM behavior changes have been observed with subcontractors' and in some trades. Although it has a significant improvement of CWM in Hong Kong after the implementation of CWDCS in 2005, this seems to be a pause of the implementation of CWM policies since that. It is necessary to consider other CWM policies that can further reduce the waste generation.
Whether it is possible to further reduce the negative impacts of construction waste either through policy methods or low waste technologies, or taking the view from our interviewees that a certain level of waste generation is unavoidable, is a question challenging the policymakers, practitioners, and researchers in Hong Kong. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
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